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ABSTRACT 
A new s e r i e s  of  e l ec t rodes  was cons t ruc t ed  t o  be  used i n  t h e  d e t e r -  
mina t ion  of  e l e c t r o l y t e  r e s i s t a n c e  a s  a  func t ion  of pore s i z e .  O s c i l l -  
a t i o n s  were observed i n  po r t i ons  of  a l l  t h e  p o t e n t i a l  curves  ob ta ined  
during t h e  cons t an t  cu r r en t  ox ida t ions .  A t h e o r e t i c a l  growth p a t t e r n  
of  ox ide  i s  proposed t o  desc r ibe  e l e c t r o d e  processes  which could cause 
t h e  o s c i l l a t i o n s .  It i s  s i m i l a r  t o  one proposed by Thi rsk  f o r  plane 
3 
e l e c t r o d e s .  Q u a l i t a t i v e  d e s c r i p t i o n s  of  some e l e c t r o d e  phenomena a r e  
a l s o  given.  
Some charge acceptance da t a  a r e  acqui red  a t  low l e v e l s  of  c u r r e n t  
flow f o r  r e l a t i v e l y  long per iods  of  t ime.  I n  t h e s e  ox ida t ions  c u r r e n t  
does n o t  drop t o  zero  bu t  t o  a  f i n i t e  background l e v e l .  Data a r e  p re -  
sen ted  t o  show t h a t  no f u r t h e r  n e t  accumulation of oxide occurs  a f t e r  
t h i s  background c u r r e n t  i s  reached.  
Charge acceptance da ta  acqui red  p o t e n t i o s t a t i c a l l y  i n  5 .0  M KOH 
4 
a t  s h o r t  t i m e s  show s i m i l a r i t i e s  t o  those  prev ious ly  r epo r t ed  f o r  which 
0.10 M KOH was used. The charge acceptance  abrupt ly  increased  from 90 
mcoul/cm2 a t  0.500 v o l t  t o  560 mcoul/cm2 a t  0.525 v o l t .  The f e a t u r e  
r e spons ib l e  f o r  t h i s  i n c r e a s e  was a  second c u r r e n t  surge  coming a f t e r  
t h e  c u r r e n t  had dropped almost  t o  t h e  background. A s  t h e  app l i ed  po ten-  
t i a l  was r a i s e d  t o  h ighe r  va lues  t h e  charge acquired during t h i s  second 
su rge  decreased even though t h e  peak va lue  of  t h e  c u r r e n t  i n c r e a s e s .  
SECTION I 
OXIDATION OF MODEL PORE ELECTRODES 
I n t r o d u c t i o n  
Our p rev ious  work w i t h  model p o r e  e l e c t r o d e s  invo lved  f lowing e l e c -  
t r o l y t e ,  a  hexagonal  h o l d e r  d e s i g n ,  and e l e c t r o d e s  composed of seven t o  
n i n e t e e n  w i r e s .  1 
I n  our  e f f o r t  t o  de te rmine  t h e  e l e c t r o l y t e  r e s i s t a n c e  a s  a  f u n c t i o n  
of pore  s i z e  we found i t  n e c e s s a r y  t o  reduce t h e  number of exper imenta l  
v a r i a b l e s  by employing s t a t i o n a r y  e l e c t r o l y t e  and s e r i e s  of e l e c t r o d e s  
hav ing  a  c o n s t a n t  number of w i r e s .  
Exper imental  
I n  t h e  p r e v i o u s  q u a r t e r l y  r e p o r t  we showed t h a t  h o l d e r s  o f  c i r c u l a r  
and hexagonal  d e s i g n s  were  e q u a l l y  e f f i c i e n t  i n  e f f e c t i n g  a  symmetric 
ar rangement  of t h e  w i r e s  i n  a  seven w i r e  e l e c t r o d e . '  We chose  t h e  c i r -  
c u l a r  d e s i g n  i l l u s t r a t e d  i n  F igure  l a  because  h o l d e r s  o f  t h i s  des ign  
a r e  e a s i e r  t o  c o n s t r u c t  and can b e  made w i t h  more accuracy  than  t h o s e  
o f  hexagonal  d e s i g n ,  and because  fewer s e a l s  a r e  r e q u i r e d .  
The h o l e  (A) i s  made by d r i l l i n g  t h e  r e c t a n g u l a r  p o r t i o n  o f  p l e x i -  
g l a s s  w i t h  a  s t e e l  d r i l l  a t  low speed.  Too h i g h  speed c r e a t e s  an i n n e r  
s u r f a c e  marred by s c a r s  and bubbles  t h a t  subsequen t ly  obscure  t h e  
e l e c t r o d e .  A  s h o r t  l e n g t h  o f  tygon t u b i n g  (B) connec t s  t h e  p l e x i g l a s s  
body w i t h  a  p o l y e t h y l e n e  "T" J o i n t  (E). A  s i l i c o n e  rubber  s e a l  was 
p laced  on t h e  p l e x i g l a s s - t y g o n  j o i n t .  The bundle  o f  w i r e s  i s  fused  t o  
a  s i l v e r  w i r e  (D) t h a t  e x i t s  through a  septum cap  (F)  on t h e  stem of 
t h e  "T. " Another l e n g t h  o f  tygon t u b i n g  ( G )  i s  a t t a c h e d  t o  t h e  "T" t o  
f a c i l i t a t e  e l e c t r o d e  r i n s i n g  and meniscus h e i g h t  a d j u s t m e n t .  The t i p s  
of t h e  w i r e s  were  n o t  c o a t e d  w i t h  epoxy i n  t h e  exper iments  r e p o r t e d  h e r e .  
Figure 1. Model Elec t rode  and Pore Geometry 
Five  e l e c t r o d e s  o f  t h i s  des ign  were c o n s t r u c t e d .  T h e i r  d imensions  
a r e  compared i n  Tab le  I. It i s  i n t e r e s t i n g  t o  n o t e  t h a t  a s  t h e  p o r e  
s i z e  d e c r e a s e s  s o  does t h e  c o n t r i b u t i o n  o f  t h e  t i p  t o  t h e  t o t a l  a r e a  o f  
2  
t h e  e l e c t r o d e .  For example, t h e  r a t i o  o f  w i r e  c r o s s  s e c t i o n a l  a r e a  (m ) 
t o  s u r f a c e  a r e a  p e r  nun i n t o  t h e  p o r e  f o r  e l e c t r o d e  A i s  0 ,324 w h i l e  i t  
i s  0.0672 f o r  e l e c t r o d e  E.  The geometry o f  t h e  two types  o f  p o r e s  a s s o -  
c i a t e d  w i t h  t h i s  des ign  i s  shown i n  F igure  l b .  The e l e c t r o l y t e  was 0 . 1 ~ 1  
KOH p r e p a r e d  from comnerc ia l ly  a v a i l a b l e  c o n c e n t r a t e d  KOH t h a t  was a n -  
a l y z e d  by t h e  s u p p l i e r  t o  be  0.01% i n  K CO The exper imenta l  a p p a r a t u s  2 3 "  
was p l a c e d  kn a  p l a s t i c  t e n t  f i l l e d  w i t h  n i t r o g e n  t o  minimize carbon 
d i o x i d e  a b s o r p t i o n  by t h e  e l e c t r o l y t e .  The s o l u t i o n s  used were  t i t r a t e d  
s e p a r a t e l y  t o  t h e  p h e n o l p h t h a l e i n  and t o  t h e  methyl  orange end p o i n t s  
t o  d e t e c t  t h e  e x t e n t  of c a r b o n a t e  con tamina t ion .  The two s e t s  o f  v a l u e s  
a g r e e d  w i t h i n  one p a r t  i n  a  thousand.  
The fo l lowing  exper imenta l  p rocedure  was u s e d :  The e l e c t r o d e  was 
immersed i n  t h e  e l e c t r o l y t e  t o  a  p r e c a l c u l a t e d  dep th  t h a t  a l lowed a l l  
t h e  e l e c t r o d e s  t o  have t h e  same r a t i o  o f  c u r r e n t  t o  a r e a  i n  c o n t a c t  w i t h  
t h e  e l e c t r o l y t e ,  Suc t ion  and p r e s s u r e  were  a p p l i e d  s u c c e s s i v e l y  t o  t h e  
e l e c t r o d e  a t  p o i n t  F  t o  ensure  t h e  removal o f  bubbles  and t o  a d j u s t  t h e  
meniscus  h e i g h t .  The e l e c t r o d e  remained i n  t h e  e l e c t r o l y t e  d u r i n g  t h e  
o x i d a t i o n - r e d u c t i o n  c y c l i n g  and was removed o n l y  a f t e r  a  s e r i e s  o f  c y c l e s .  
The r e f e r e n c e  e l e c t r o d e  w a s  a  cmnmercial ca lomel  e l e c t r o d e .  The growth 
o f  t h e  o x i d e s  i n  t h e  pore  was fo l lowed  w i t h  t h e  a i d  o f  a  c a t h e t o m e t e r ,  
which a l s o  was used  t o  measure a c c u r a t e l y  t h e  l e n g t h  o f  e l e c t r o d e  immersed 
i n  e l e c t r o l y t e ,  A t o t a l  o f  o v e r  250 o x i d a t i o n - r e d u c t i o n  c y c l e s  were  made 
i n  t h e s e  exper iments .  
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RESULTS m&tJ DISCUSSION 
Representa t ive  cons tan t  cu r r en t  ox ida t ion  curves a r e  i l l u s t r a t e d  
i n  Figure 2 .  Poin ts  P  through P  a r e  labe led  f o r  easy r e fe rence  i n  1 4 
the fol lowing d i scuss ion .  The " o s c i l l a t i o n s "  observed between P and 3 
P were present  i n  each oxida t ion .  Small i n  number and magnitude a t  4 
t he  beginning of a  s e r i e s  of cyc l e s ,  t h e i r  s i z e  and number increased  
quick ly  during t h e  f i r s t  10-15 cyc les  and gradual ly  t h e r e a f t e r .  
Af t e r  a  continuous s e r i e s  of about 30 oxida t ion- reduct ion  cyc les  a  
maximum of seven o s c i l l a t i o n s  was observed. Through a  s e r i e s  of from 
2 t o  5 cyc l e s  an o s c i l l a t i o n  peak appeared f i r s t  a s  an i n f l e c t i o n ,  
then a  p l a t eau ,  and f i n a l l y  i n  i t s  i l l u s t r a t e d  shape. 
The c u r r e n t s  app l i ed  t o  t h e  e l ec t rodes  a r e  recorded i n  Tables 
I1 and 111. In Table 11, values  a r e  a l s o  given f o r  t h e  cu r r en t  per  
s u r f a c e  a r e a  exposed. By t h i s  we mean t h a t  po r t ion  of t h e  e l e c t r o d e ' s  
t o t a l  s u r f a c e  a r e a  which was immersed i n  t h e  e l e c t r o l y t e .  We have 
avoided us ing  t h e  term "current  dens i ty"  because it impl ies  uniform 
d i s t r i b u t i o n  of t h e  cu r r en t  over t h e  a r ea  being considered.  The ex- 
perimental da t a  demonstrate t h a t  t h e  cu r r en t  dens i ty  changes considerably 
wi th  inc reas ing  d i s t a n c e  i n t o  t h e  pore,  even over t h e  s h o r t  po r t ions  
of the  e l e c t r o d e  t h a t  were oxidized (1-8mm). Once a  p r a c t i c a l  cu r r en t  
was chosen f o r  e l e c t r o d e  A ,  t he  c u r r e n t s  f o r  t he  o t h e r  e l ec t rodes  
were chosen so t h a t  they had t h e  same cu r ren t  per  su r f ace  a rea  exposed. 
This was done f o r  f i v e  d i f f e r e n t  cu r r en t s  app l i ed  t o  e l ec t rode  A. In  
Table I11 t h e s e  c u r r e n t s  a r e  given aga in ,  bu t  t h i s  time wi th  va lues  f o r  
cu r r en t  per  s u r f a c e  a rea  per  mm i n t o  t h e  pore.  Surface a rea  per  mrn 
i n t o  t h e  pore i s  t h e  t o t a l  su r f ace  a rea  of t h e  wire  i n  a  one mm length 
of t h e  e l ec t rode .  The values f o r  e l ec t rode  C a r e  i n  poor agreement wi th  
t h e  r e s t  because depth of immersion i n  t he  e l e c t r o l y t e ,  no t  c u r r e n t ,  
6 
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Figure 2 .  Representa t ive  Oxidation Curves 
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was ad jus t ed  so t h a t  t he  e l ec t rode  would have t h e  same va lue  of cu r r en t  
per  s u r f a c e  a r e a  exposed a s  d id  e l ec t rode  A. 
In  Figure 3 t h e  p o t e n t i a l  of t h e  peak of  t h e  f i r s t  o s c i l l a t i o n  (P ) 3 
achieved during oxida t ions  a t  t h e  aforementioned c u r r e n t s  i s  p l o t t e d  
a g a i n s t  t h e  pore c ros s  s e c t i o n a l  a r e a  of each of t h e  f i v e  e l ec t rodes .  
Only a small  change i n  p o t e n t i a l  i s  observed between t h e  two l a r g e s t  
a r e a s ,  but  a s  t h e  a r e a  decreases  f u r t h e r  t he  s lope  of t h e  curve inc reases  
i n  s teepness .  
We attempted t o  fol low t h e  growth of t h e  s i l v e r  oxides i n t o  the  
pore by means of a cathetometer .  We observed t h e  growth of both 
oxides with ease during t h e  f i r s t  few cyc les  on a  f r e s h  e l ec t rode .  
With each success ive  reduct ion  the  previously oxidized s i l v e r  su r f ace  
l o s t  more of i t s  m e t a l l i c  sheen and acquired a d u l l  medium gray appear- 
ance. Against t h i s  background t h e  l i g h t  brown Ag 0 was d i f f i c u l t  t o  2 
d e t e c t ,  The Ago appeared a s  a  l i g h t e r  gray and was e a s i l y  seen. The 
reduct ion  of t h e  Ag 0 was e a s i e r  t o  fol low than i t s  growth, and so i t  2 
was poss ib l e  t o  determine t h e  maximum depth of pene t r a t ion  (MDP). Figure 
4 shows t h e  MDP of  each e l ec t rode  a f t e r  it was oxidized f o r  t h r e e  min- 
2 Utes a t  a  cu r r en t  per  s u r f a c e  a rea  exposed of 1.65 p,a/mm . The MDP 
va lues  a r e  p l o t t e d  a g a i n s t  t h e  pore c ros s  s e c t i o n a l  a r ea .  
The fol lowing sec t ion  of t h i s  d i scuss ion  i s  composed of a  number 
of q u a l i t a t i v e  observa t ions .  
Three Areas. During t h e  i n i t i a l  ox ida t ion- reduct ion  cyc les  of 
--
e l ec t rodes  A and E t h r e e  d i f f e r e n t  c o l o r s  of oxides were observed. 
These oxides reduced t o  s i l v e r  su r f aces  of t h r e e  d i f f e r e n t  appearances.  
The c o l o r s  and lengths  of t hese  oxide f i lms  and reduced su r f aces  a r e  
contained i n  Table I V .  When t h e  t r i - c o l o r e d  oxide f i lms  were reduced, 
t h e  r a t e  a t  which t h e  boundary Line between oxidized and reduced surgaces 


TABLE I V  
COLORS AND LENGTHS OF THE THREE ELECTRODE SURFACES 
J- 
Elec t rode  - Run Number Length (mm)" Color Mode 
2.95 L t .  Brown Reduced 
3.45 Lt.  Grey 
4.60 Med. Grey 
1.45 L t .  Grey Oxidized 
4.70 L t .  Brown 
6.25 Dk. Brown 
0.90 Blue Oxidized 
0.60 Red 
1.80 Yellow 
The su r f aces  a r e  l i s t e d  i n  o rde r  of  t h e i r  i nc reas ing  d i s t ance  from 
t h e  t i p .  
progresses  i n t o  t h e  pore slowed s u b s t a n t i a l l y  a t  t h e  boundary between 
t h e  second and t h i r d  su r f aces  and remained a t  t h e  lower r a t e  f o r  t h e  
balance of t h e  reduct ion  period.  
S t r eaks ,  Electrode A had some long,  shallow sc ra t ches  which appeared 
t o  be t h e  r e s u l t  o f  mishandling of t h e  wire .  When t h e  e l ec t rode  was 
oxid ized ,  a  l i g h t  b r o ~ m  oxide grew along the  e n t i r e  length  o f  t he  
grooves, some 1 7 . 1  mrn i n t o  t h e  pore.  The usua l  depth of pene t ra t ion  
i n t o  t h e  pore i s  only 3-8 mm, It appears t h a t  t h e  groove i s  a  s i t e  
f o r  p r e f e r e n t i a l  growth by v i r t u e  of i t s  geometry. 
Bands. When t h e  Ago i s  reduced, t h e  appearance of t h e  s i l v e r  i s  
preceded by a  narrow band t h a t  i s  dark bro13-n i n  co lo r .  This  phenomenon 
was observed i n  a l l  t h e  e l ec t rodes .  
Growth Pa t t e rns .  The Ag 0 grows i n  a  wedge shape on each wi re ,  a s  2 
i l l u s t r a t e d  i n  Figure 5. (This i s  t rue  of t he  oxide growth on new wi re s .  
A f t e r  s e v e r a l  ox ida t ion- reduct ion  cyc le s ,  a s  has  been mentioned, t he  
boundary between m e t a l l i c  s i l v e r  and Ag 0 i s  very d i f f i c u l t  t o  d i s t i n g u i s h . )  2 
The po in t  of wedge i s  l oca t ed  where t h e  pore i s  wides t .  The Ago begins 
i t s  growth i n  the  narrowest p a r t  of t h e  pore near  t h e  t l p ,  grows l a t e r a l l y  
till a c y l i n d r i c a l  band i s  formed, and then proceeds up t h e  pore a s  a  
band. As mentioned e a r l i e r  t h e  co lo r  of t he  reduced s i l v e r  su r f ace  i s  
s i m i l a r  t o  t h a t  of a  f i l m  of Ag 0 growing on i t .  But t h a t  must no t  be 2 
t h e  e n t i r e  reason f o r  d i f f i c u l t y  encountered i n  fol lowing t h e  Ag 0 growth 2 
because i t  i s  easy t o  fol low t h e  reduct ion  of t h e  Ag 0 f i lm making use  2 
of t h e  smal l  co lo r  d i f f e r ence .  It i s  poss ib l e  t h a t  t h e r e  i s  no sharp 
l i n e  between reduced s i l v e r  and a  growing Ag 0 f i lm ,  bu t  i n s t ead  a  band 2 
t h a t  v a r i e s  i n  th ickness  from very th in  near  t he  s i l v e r  t o  t h e  th ickness  
of t h e  mature f i lm  where i.t jo ins  i t .  
( a )  Growth of AgqO 
(b)  Growth o f  Ago 
F igure  5. P a t t e r n s  of Oxide Growth 
Reduced Surfaces ,  The darker  m e t a l l i c  su r f ace  l e f t  when Ago i s  
reduced i s  always t h e  same a r e a  t h a t  was most r ecen t ly  covered wi th  t h e  
Ago, even i f  t h e r e  had been a  much more ex tens ive  Ago coverage i n  an 
e a r l i e r  ox ida t ion .  That i s ,  a f t e r  an oxida t ion  and reduct ion t h e  reg ion  
of e l e c t r o d e  which had been coated w i t h  Ago i n  t h e  most r ecen t  ox ida t ion  
i s  d i f f e r e n t  i n  appearance from t h e  remainder of t h e  s i l v e r .  The l i n e  
i s  sharp  and e a s i l y  recognized. 
Oxide S t ruc tu re .  The Ag 0  formed a t  1000 pa on e l e c t r o d e  A appears  2 
t o  be a  darker  v a r i e t y  than t h a t  which grew a t  750 pa. The s u r f a c e  a f t e r  
reduct ion  has  a  more m e t a l l i c  sheen even though t h e  reduct ions  were made 
a t  t h e  same t o t a l  cu r r en t .  It seems probable t h a t  t h i s  i s  t he  r e s u l t  
of t h e  s i l v e r  c r y s t a l s  on the  s u r f a c e  having d i f f e r e n t  s i z e  a s  a  r e s u l t  
of t h e  r a t e  a t  which t h e  e l ec t rode  had been oxidized p r i o r  t o  t h e  
reduct ion .  
O s c i l l a t i o n .  In  15 of t h e  ox ida t ions  made on e l ec t rodes  B-E,  t h e  
po r t ion  of t h e  oxida t ion  curve ( i l l u s t r a t e d  i n  Figure 2) between P  and 2 
P i s  s l i g h t l y  convex i n  t he  d i r e c t i o n  of h ighe r  p o t e n t i a l .  This i s  3 
probably an e a r l y  i n d i c a t i o n  of t h e  process  represented  by t h e  " o s c i l l -  
a t i o n s .  I '  
Number of Peaks. The previously mentioned growth p a t t e r n  of an 
o s c i l l a t i o n  peak, and t h e  inc rease  i n  t h e  number of peaks during cyc l ing ,  
occurred no t  only with f r e s h  e l e c t r o d e s  but  a l s o  each time an e l e c t r o d e  
was cycled t h a t  had been i n a c t i v e  f o r  about 12 hours o r  more. 
Ten ta t ive  conclusions.  The o s c i l l a t i o n s  which have been observed 
i n  a l l  ox ida t ions  of t he  model pore e l ec t rodes  with s t a t i o n a r y  e l e c t r o -  
l y t e  appear  t o  bear  r e l a t i o n s h i p  t o  t h e  p o t e n t i a l  o s c i l l a t i o n s  occas iona l ly  
2 
observed by Dignam, B a r r e t t ,  and Nagy on plane e l ec t rodes .  One poss ib l e  
model t o  expla in  t h e  appearance of t h e s e  o s c i l l a t i o n s  i n  a  pore e l e c t r o d e  
i s  a s  fol lows.  The r eac t ion  producing Ag 0  proceeds smoothly up t h e  2  
pore i n  the  cons tan t  cu r r en t  ox ida t ion .  The p o t e n t i a l  requi red  t o  
keep t h e  cu r r en t  cons tan t  i s  seen t o  i nc rease  very nea r ly  l i n e a r l y  a s  
i s  expected because of t h e  e l e c t r o l y t e  r e s i s t a n c e  inc rease  a s  t h e  
r e a c t i o n  g e t s  f a r t h e r  i n t o  t h e  pore.  Eventually t h e  p o t e n t i a l  a t  t h e  
open end of t h e  pore ,  no t  sub jec t  t o  t h e  same i R  drop a s  t h a t  deep 
i n t o  t h e  pore,  i s  h igh  enough t o  cause oxida t ion  of Ag 0 t o  Ago. I f  2  
now one cons iders  T h i r s k ' s  view of c r y s t a l  nuc lea t ion  followed by 
c r y s t a l  growth, and cons iders  a  nuc lea t ion  o v e r p o t e n t i a l ,  then a t  
cons tan t  cu r r en t  i n  a  pore an o s c i l l a t i o n  of  p o t e n t i a l  should occur.  3 
The p o t e n t i a l  i nc reases  u n t i l  nuc l ea t ion  can occur ,  bu t  then t h e  
cu r r en t  can be kept  cons tan t  by a  lower p o t e n t i a l .  The process  i s  
repea ted  a s  c r y s t a l  n u c l e i  form deeper i n  t h e  pore,  now a t  a  h igher  
p o t e n t i a l .  (See Figure 2)  
The inc rease  i n  s i z e  and number of peaks wi th  cyc l ing  seems 
t o  r e q u i r e  a  change i n  c r y s t a l  s t r u c t u r e  of t h e  Ag 0 formed on t h e  2 
e l ec t rode .  The observa t ion  t h a t  i f  t h e  e l e c t r o d e  i s  l e f t  open -c i r cu i t  
i n  t h e  reduced s t a t e  i n  con tac t  wi th  t h e  e l e c t r o l y t e  f o r  about 12 
hours o r  more, it tends  t o  r e v e r t  t o  i t s  o r i g i n a l  behavior  (fewer and 
smal le r  o s c i l l a t i o n s )  sugges ts  t h a t  t h e  newly reduced s i l v e r  may be 
i n  a  metas tab le  c r y s t a l l i n e  conf igura t ion .  Aging o r  maturing of  t h e  
e l e c t r o d e  al lows a  more s t a b l e  conf igura t ion  t o  develop. 
SECTION I1 
CHARGE ACCEPTANCE OF SILVER ELECTRODES 
I n t r o d u c t i o n  
The e x p e r i m e n t a l  program we have been f o l l o w i n g  i n  t h e  s t u d y  of c h a r g e  
accep tance  by s i l v e r  e l e c t r o d e s  h a s  inc luded  c o n s t a n t  c u r r e n t  o x i d a t i o n s  
and p o t e n t i o s t a t i c  o x i d a t i o n s .  Under p o t e n t i o s t a t i c  c o n d i t i o n s ,  t h e  
charge  accep tance  a s  a  f u n c t i o n  of c o n t r o l l e d  p o t e n t i a l  has  shown two d i s t i n c t  
4 
maxima. These d a t a  were t a k e n  w i t h  t h e  e l e c t r o l y t e  0.10 M i n  KOH and 
s a t u r a t e d  w i t h  Ag20. Two q u e s t i o n s  have a r i s e n  and t e n t a t i v e  answers a r e  
p r e s e n t e d  i n  t h i s  r e p o r t ,  
Some o f  t h e  charge  a c c e p t a n c e  d a t a  depend markedly on charge  t h a t  i s  
acqu i red  a t  a  low l e v e l  o f  c u r r e n t  f low f o r  a  r e l a t i v e l y  long p e r i o d  of t ime 
( s e v e r a l  hours ) .  One q u e s t i o n  f o r  which an  answer i s  needed is  when d u r i n g  
t h i s  t ime does  t h e  c u r r e n t  r e a c h  t h e  background c u r r e n t .  P r e v i o u s l y  t h e  
p o i n t  a t  which t h e  c u r r e n t  r e a c h e s  a  c o n s t a n t  v a l u e  h a s  been t a k e n  a s  t h e  
p o i n t  a t  which t h e  growth o f  o x i d e  c e a s e s  and on ly  t h e  background c u r r e n t  
f lows t h e r e a f t e r .  
A s  an  independent  check on t h i s  p r o c e d u r e , o x i d a t i o n s  o f  s i l v e r  w i r e s  
were made under p o t e n t i o s t a t i c  c o n d i t i o n s ,  a l l  a t  t h e  same p o t e n t i a l .  These 
o x i d a t i o n s  were s topped a f t e r  v a r i o u s  t imes  o f  e l e c t r o l y t i c  r e a c t i o n ,  t h e  
s i l v e r  o x i d e  was d i s s o l v e d  from t h e  w i r e  i n  ammonia s o l u t i o n , a n d  t h e  s o l u -  
t i o n  was analyzed f o r  s i l v e r  by a tomic a b s o r p t i o n  spec t romet ry .  
The o t h e r  q u e s t i o n  i s  how r e p r e s e n t a t i v e  is t h e  charge  accep tance  d e t e r -  
mined i n  0.10 M KOH of t h e  charge  accep tance  determined a t  o t h e r  KOH concen- 
t r a t i o n s .  To i n i t i a t e  t h i s  s t u d y  we a r e  i n c l u d i n g  d a t a  determined i n  5.0 M 
KOH. 
Determined b ~  
The p o t e n t i o s t a t i c  o x i d a t i o n  o f  a  s i l v e r  w i r e  a t  0.400 v o l t s  v s  
H ~ / H ~ O  was followed by observ ing  c u r r e n t  a s  a  f u n c t i o n  of t ime  on a  s t r i p  
c h a r t  r e c o r d e r .  The t ime a t  which t h e  c u r r e n t  appeared t o  r e a c h  t h e  
background c u r r e n t  was 55 minu tes .  S e v e r a l  o x i d a t i o n s  were  t h e n  conducted 
a t  t h i s  same p o t e n t i a l  from 1 minu te  t o  280 minutes  each t i m e  on a  f r e s h l y  
c leaned  1 0  m i l  s i l v e r  wi re .  The c o n c e n t r a t i o n  o f  e l e c t r o l y t e  was 0.10 M 
KOH. At t h e  end of t h e  s p e c i f i e d  t ime of o x i d a t i o n  t h e  w i r e  was r i n s e d  w i t h  
d i s t i l l e d  w a t e r  and p l a c e d  i n  a  s m a l l  amount of 5 M NH40H. The d i s s o l u t i o n  
of t h e  ox ide  was r a p i d .  Each sample was t h e n  d i l u t e d  w i t h  w a t e r  t o  t h e  
s t a n d a r d  volume. The c o n c e n t r a t i o n  of t h e  s i l v e r  was determined w i t h  a  
P e r k i n  Elmer Model 303 Atomic Absorp t ion  Spectrophotometer ,  The r e s u l t  o f  
t h e s e  d e t e r m i n a t i o n s  a r e  p r e s e n t e d  i n  Table  V and F igure  6. F i g u r e  6 
shows a  s c a t t e r i n g  of t h e  d a t a  p o i n t s  a t  t imes  where m u l t i p l e  r u n s  were  made. 
The c u r v e  drawn through t h e  approximate  mean p o s i t i o n  o f  t h e s e  p o i n t s  shows 
t h a t  a f t e r  approx imate ly  80 minutes  t h e  charge  accep tance  " l e v e l s  o f f "  
somewhat. The i n t e r p r e t a t i o n  i s  t h a t  t h e  s m a l l  c u r r e n t  observed a f t e r  t h i s  
t ime i s  t h e  background c u r r e n t  which is  n o t  involved i n  t h e  d e p o s i t i o n  o f  
any more s i l v e r  oxide.  I f  t h e  s l i g h t  d rop  i n  t h e  amount of s i l v e r  ana lyzed  
f o r  r u n s  i n  t h e  200-300 minute  range  i s  r e a l  t h i s  c u r v e  may g i v e  ev idence  
t h a t  t h e  s u b j e c t i o n  o f  a  charged e l e c t r o d e  t o  a  s p e c i f i e d  range  of p o t e n t i a l s  
w i l l  r e s u l t  i n  t h e  d i s s o l u t i o n  o f  some of t h e  ox ide  ( o r  t h a t  t h e  d i s s o l v i n g  
r a t e  exceeds  t h e  r a t e  o f  f u r t h e r  o x i d a t i o n ) .  
These d a t a  a l s o  sugges t  t h a t  t h e r e  is  some f a c t o r  o t h e r  t h a n  t h e  
s e l e c t i o n  o f  t h e  t i m e  t h e  background c u r r e n t  i s  reached which is  r e s p o n s i b l e  
f o r  t h e  l a c k  o f  p r e c i s i o n  i n  t h e  measurement of charge  accep tance .  Th is  
Table V . Extent of E l e c t r o l y t i c  Oxidation of S i l v e r  Wire 
Elec t rodes  a s  a Function of Time of Oxidation. 
Condit ions:  P o t e n t i o s t a t i c  Oxidations 0.400 v o l t s  
v s  H ~ / H ~ O  S i l v e r  Wire 10 m i l  diameter 
Number of  S i l v e r  Oxidized per  Duration of  Runs a t  Centimeter of Length Standard Deviation Oxidation Spec i f i ed  of  t h e  S i l v e r  W i  e  (minutes) Time 5 (mil l imoles  x 10 ) Value % 
2.4 
2.5 
1.8 
2.5 
3.4 
5.8 (mean) 0.6 10.3 
7.3 1 1  0.7 9.6 
9.0 1 1  0.3 3.0 
7.5 11 0.1 12.1 
4.0 
10.3 (mean) 0.9 8.0 
8.8 
8.3 
6.2 
Note: A 1 1  o f  t h e  s i n g l e  runs  i n  0.10M KOH n o t  s a t u r a t e d  wi th  Ag20. The 
m u l t i p l e  runs  i n  0.10M KOH s a t u r a t e d  wi th  Ag20. 

f a c t o r  may be t h e  s e n s i t i v i t y  of t h e  e l ec t rode  su r f ace  t o  s l i g h t  var-  
i a t i o n s  i n  pretreatment  which r e s u l t  i n  r a t h e r  wide v a r i a t i o n  i n  the  
subsequent acceptance of charge.  
Charge Acceptance Determined A t  
Short  Times In  Concentrated Hydroxide Solu t ion  
--- 
The da ta  on charge acceptance of s i l v e r  e l ec t rodes  under poten t -  
i o s t a t i c  condi t ions  t h a t  have been repor ted  previously were obtained 
wi th  0.10 M KOH a s  t h e  e l e c t r o l y t e .  The times gene ra l ly  requi red  t o  
reach background cu r ren t  va r i ed  from about 4  minutes a t  h ighe r  poten t -  
i a l s  t o  about 50 minutes a t  lower p o t e n t i a l s .  Fleischman, Lax and 
Thi rsk  have noted a  dependance of t h e  r a t e  of ox ida t ion  of s i l v e r  
3 
e l e c t r o d e  on the  concent ra t ion  of t h e  hydroxide ion .  Accordingly, we 
a r e  r epo r t ing  a t  t h i s  time some in t roduc to ry  da t a  on charge accept -  
ance of s i l v e r  determined wi th  5.0 M KOH. We plan t o  extend t h i s  s tudy  
over a  range of hydroxide ion  concent ra t ions ,  e l e c t r o d e  geometries,  
and temperatures .  
These oxida t ions  were a l l  made on t h e  same s i l v e r  e l ec t rode  i n  
a  Haring c e l l .  Af t e r  each oxida t ion  t h e  oxide was removed a t  a  
p o t e n t i a l  of 0.10 v o l t  v s .  H ~ / H ~ o .  The oxida t ions  and reduct ions  were 
permi t ted  t o  proceed u n t i l  t h e  cu r r en t  had dropped below 2 ma. There- 
f o r e  t h e  t imes of ox ida t ion  ranged from about 1 t o  10 minutes.  The 
2 
a rea  of t h e  s i l v e r  e l e c t r o d e  i n  t h e  Haring c e l l  was 4.0 cm . A 
McKee - Pedersen P o t e n t i o s t a t  1026 was used t o  make these  poten t io-  
s t a t i c  ox ida t ions  and reduct ions .  
Charge acceptance a s  a  func t ion  of appl ied  p o t e n t i a l  i s  given i n  
Figure 7 over t h e  p o t e n t i a l  range 0.35 - 0.60 v o l t s  (vs.  H ~ / H ~ o ) .  The 

L l a r g e s t  va lue  of 560 mcoul/cm was obtained a t  a  p o t e n t i a l  of 0.525 
v o l t .  The cur ren t - t ime curve a t  t h i s  p o t e n t i a l  shows a rap id  r i s e  
L 
of c u r r e n t  d e n s i t y  t o  a  peak va lue  of -'40 ma/cm followed by a  r ap id  
L decrease  t o  --. lma/cm . This  behavior i s  c h a r a c t e r i s t i c  of t he  c u r r e n t -  
time curves a t  p o t e n t i a l s  s l i g h t l y  l e s s  than 0.525 v. However a t  
0.525 t h e  cu r r en t  aga in  inc reases  a f t e r  5-15 seconds a t  t h e  low 
2 
value ,  r i s i n g  t o  about  5-8 ma/cm and cont inuing f o r  about 2 minutes.  
This second cu r ren t  surge accounts f o r  most of t he  charge acceptance.  
The charge r e s u l t i n g  from t h i s  second cu r ren t  surge i s  observed t o  
decrease a t  h ighe r  appl ied  p o t e n t i a l s  even though t h e  peak va lue  of 
t h e  c u r r e n t  i nc reases .  The t r ends  a r e  shown i n  t h e  family of cu r r en t -  
time curves i n  Figure 8. The charge acceptance i n  Figure 7 i s  p l o t t e d  
a s  a  d i scont inuous  func t ion  because no t  u n t i l  t h e  p o t e n t i a l  i s  s u f f i c -  
i e n t  t o  cause t h i s  second cu r ren t  surge does t h e  charge acceptance 
ab rup t ly  r i s e .  
The previous h i s t o r y  of t he  e l e c t r o d e  appears  t o  inf luence  t h e  
magnitude of t h e  charge acceptance. Five va lues  a t  0.550 v o l t s  a r e  
given on Figure 7 .  The t h r e e  low va lues  were obtained i n  sequence 
a f t e r  t h e  determinat ion a t  0.500 v o l t s .  However the  two high va lues  
were obta ined  a f t e r  determinat ions a t  0.525 and 0.535 v o l t s .  Also 
t h e  two h igh  va lues  a t  0.450 v o l t s  were obtained a f t e r  determinat ions 
which had given h igh  charge acceptance va lues  ( t h a t  i s ,  i n  t h e  0.525- 
0.550 v o l t  range) .  Continued a t t e n t i o n  w i l l  be given t o  t h i s  tech-  
nique f o r  s tudying  t h e  e f f e c t s  of precondi t ion ing  of t he  e l e c t r o d e s .  
Applied 
P o t e n t i a l  
( v o l t s )  
Time (minutes) 
Figure 8. Family o f  Current-Time Curves Showing P o t e n t i o s t a t i c  Oxidat ions 
o f  a  S i l v e r  Elec t rode  i n  a  Haring C e l l  w i th  5. OM KOH. 
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